Generating correlated photon pairs 1 at the nanoscale is a prerequisite to creating highly integrated optoelectronic circuits that perform quantum computing tasks 2 based on heralded single-photons 
Tunnel junctions are important light sources in their own right that convert electric potential energy into photons, largely though one-electron-one-photon (1e -1γ) inelastic tunneling events. These junctions facilitate many intricate fundamental processes such as: correlated two-electron tunneling 8, 9 ; overbias emission 10, 11, 12 ; photon anti-bunching in single-photon emitting molecular systems 13, 14 ; and photon bunching from dynamical processes that modulate junction properties, such as molecular motion 15, 16 . These emission processes arise from how stochastic fluctuations couple to the electromagnetic modes of an environment 17 , which imprint characteristic deviations away from Poissonian statistics onto the temporal correlations in the emitted photon stream. Using scanning tunneling microscopy (STM) induced luminescence techniques 18 to examine the light from atomically flat metal junctions, we observe a non-Poissonian process that manifests as photon super-bunching, and evidences emission of correlated photon pairs from a tunnel junction formed between any two metals.
The effect is reminiscent of two-mode squeezed photon pairs 19 , but without externally applied AC voltages and the energy constraints imposed by millikelvin temperatures. The temporal photon intensity correlation function g (2) (t) that evidences photon super-bunching is measured with a Hanbury Brown and Twiss interferometer 24 ( Figure 1 ) by collating the distribution of times t between one photon arriving at the start detector (SPAD 1) and another photon arriving at the stop detector (SPAD 2)
13
. Two photon counters are necessary to confirm simultaneously generated photons because the instrumental dead time is ~76 ps (see Methods). A correlation event registers when both detectors sense one photon each, typically with a nanosecond time delay between the sensing. While accidental coincidences may occur at any relative time delay (as they involve uncorrelated photons), true coincidences require two emitted photons arriving simultaneously, and can only manifest as a sharp feature in g (2) (t) at time-zero. These special pairs can be produced according to the schematic shown in Figure 2c . An inelastic tunneling process excites some plasmon modes that subsequently decay into photons detected in the far field. In addition to well-known single-photon emission, bunched emission may occur in a single step producing a photon pair, or two-step cascade 25 that produces one photon in each step. 
(0) = 17 ( Figure 3a) shows that the photons are unambiguously super-bunched
26
. Importantly, the instrumental response function must dominate the bunching feature because its width is even narrower than that attained with reference picosecond light pulses (blue curve in Figure 3b ; Methods). Thus, the peak value of g (2) (0) is limited by the detectors' time resolution. Using g (2) (0) as a coincidence-to-accidental ratio, this metric is already comparable to photon pair sources based on cooled optical fibers, which can perform quantum key distribution with a 3% bit error rate
27
. (t) rescaled to have unity peak height for the tunnel junction source (red) and an autocorrelation of a commercial picosecond white light source with 6 ps fundamental pulsewidth (blue). The full widths at half the maxima are indicated. Solid lines are guides for the eye.
Next we characterize how the true and accidental coincidence events vary as a function of tunnel current. The raw data and resulting series is shown in Figure 4 . For each new current, the bias is adjusted slightly to follow the first FER maximum because reproducing the measuring conditions at the FER is facile
23
; other well-defined setpoints are equally valid. Bunching is counterintuitively best observed when the total light intensity is made low
28
, either by reducing the tunnel current ( Figure 3a and Figure 2a(i) ), or in tandem, leveraging the broad, low but non-zero minimum between 4 V and 6 V in the light intensity curve (Figure 2b, orange) . Bunching does not seem to be predicated on populating the FER states because it is visible at 3.2 V which is below the first FER maximum. (t) -1. From right to left, the bunching peak value increases with decreasing current. Focusing on Figure 4b , the power law exponent for true coincidences (1.24) is less than half of the value for accidental coincidences (2.95), implying that bunching is due to single electron tunneling events, and for this reason it will dominate at low current. Let I be the current, e the electric charge, k 1 the quantum efficiency for emitting a single photon, and η the effective probability that this photon is detected. Without loss of generality, η for both detectors is made equal.
The number of single-photon events per second is N 1 = Ik 1 η/e, hence, the number of accidental coincidences per second is
τ, where τ is the binning time interval of the correlation measurement. In contrast, the number of true coincidence events per second is N 2 = Ik 2 η 2 /e, where k 2 is the quantum efficiency for emitting a photon pair. We assume that ݇ ଶ ≪ ݇ ଵ ≪ 1 so mistaking photon pairs for single photons is negligible. The ratio of correlated pairs to accidental coincidences is then , as might have been expected for a cascade process. These two observations raise fundamental questions about the nature of two-photon processes. They are also two strong arguments against a cascade emission mechanism and both evidence a coherent simultaneous pair emission process being operant instead. As a consistency check, g
(t) is measured with and without intervening optical shortpass filters (F 1 and F 2 in Figure 1 ) with cutoffs exceeding half the applied tunnel voltage. This tests whether positive correlations occur for photon pairs whose total energy exceeds the energy of one tunneling electron. Figure 5 shows the light spectrum obtained with e·U = 4 eV tunneling electrons which exhibits bunching (orange; parts a, b), while the filtered spectrum with a 2.07 eV cutoff does not (green; parts a, c). Hence, in a bunch (or pair) of photons, not more than one photon carries more than half of the electron energy.
This result reaffirms that the bunched photons do not originate from sequential 1e -1γ processes.
Even bunching from coordinated electron tunneling is unlikely because this process is quadratic in the current 29 . We speculate that photon pair creation is promoted by the small volume and spatial asymmetry of the tunnel junction, and the absence of optical resonances in the junction (spectrum in Figure 5a ) whose energies overlap with the distribution of tunneled electron energies.
Confirming the existence of a 1e Our results show that an optoelectronic component useful for quantum computing can be miniaturized significantly and controlled at the atomic scale ( Figure 1a ). Nanoscale photon entanglement and heralding measurements which require double-or higher-photon coincidences may now be possible; the coincidence rate in Figure 3a is already sufficient to accomplish the former We anticipate these findings will further motivate using tunnel junctions as novel photonic devices in nanoscience. 
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